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CHAPTER 1

INTRODUCTION

The purpose of this thesis is to report the results of
an empirical analysis of the duration of overshoots above an
arbitrary level in a stationary gaussian stochastic process.
The study was conducted for the Terrestrial Environment Branch,
Aerospace Environment Division, Space Sciences Laboratory,
George C. Marshall Space Flight Center, Alabama and was sup-
ported under NASA contract no. NAS8-29286. The results
presented in this thesis are applicable in the prediction of
extreme properties of such natural processes as wind speed,

ambient temperature, and sea state.

1.1 Statement of the Problem

The problem dealt with by this thesis concerns the
frequency distribution of the duration of overshoots above an
arbitrary level in a gaussian stochastic process with an
exponential autocorrelation function. A gaussian stochastic
process is a stochastic process which has a gaussian distri-
bution at any point in time. Such a process is stationary if
it has a mean independent of time and an autocorrelation
function dependent only on the distance between successive
time points.

The problem is of general theoretical interest but
numerical results are sparse. Rice (1945) did the fundamental

work in studying both the crossing frequency and duration.



Favreau, Low, and Pfeffer (1956) studied the duration problem
and hypothesized the negative exponential density for duration
time--this hypothesis was disproved by Longuet-Higgins (1962).
The recent texts by Kramer and Leadbetter (1967) and Kuznetsov
(1965) give excellent summaries of the work in this area. To
the author's knowledge this is the first investigation of
duration times that is based on an extensive simulated data

set.

1.2 Organization of the Analysis

Chapter 2 contains a description of the development of
the simulation model and its underlying assumptions. In
Chapter 3, the analysis of the model and our conclusions are
presented. Chapter 4 contains a discussion of the application
of the results of this analysis to specific problems con-

cerning atmospheric variables.



CHAPTER 2
>

>

) 7
Simulation Model

Our first objective was to de-ign a mathematical model
of a stationary gaussian stochastic process with an exponential
autocorrelation function. To do this, we made the fnllowing
assumptions:

1) The process had a multivariate normal distribution.

2) The autocorrelation function, R(t1), was exponential,

i.e., R(1 = exp(-R|~]|).
3) The process was stationary, i.e., R(ti,t.) = R(1),

]
where 1= |t., - t.]|.

1 J
4) The expected value of a random variable X at time t
was zero, i.e., E[X(t)] = 0.
5) The variance covariance matrix I was symmetrical and
positive definite.
In the remainder of this chapter, we shall use X(t) to
denote a stochastic process satisfying the above conditions.
The prccess was considered over a time interval of
[0,99], each realization consisting cof 100 equally spaced
points in the interval. 1In the case of a specific application,
the interval of interest may be [0,T]. X{(t) would then be
sampled at 100 equally spaced points in the interval. These
points would be tO'tl""'t99' where ti = <I%U)T' i=20,1,...99.
The autocorrelation parameter f would also require modification.

Odell (1971) presents the method of simulation used here.

A summary of that technique follows.



Let X denote the vector [X(tg), x(tl),...,X(tgg)]’,
where ~ denotes matrix transposition. Let I = (oij) = E(X*X"),
where E is the expectation operator. I is, of course, the
variance covariance matrix. Thus for each element of

L, 0.

i3 0 <1i, j < 99, we have

0j5 = E[X(t;) - x(tj)] = R(ti'tj) = R(1), where 1= |t - tj"

Hence we see that

'_R(O) R(1) R(2) .o R(99)T
R(1) R (V) R(1) .en R(98)
: R(2) R (1) R(0) .o R(97)
LR(99) R(99) cee R(0) J

By assumption, X satisfies a multivariate normal distribution
with mean p = 0 and covariance matrix I. We write X N(y,L).

From Odell (1971, pg. 37) we have the following:

Theorem: If the 100 x 1 vector Y ~ N(w,I),

is a fixed 100 x 1 vector, and

=<

1<

= AY + Yy, then

V~N@Ap +y, ALA%,

We generated the vector Y % N(Q, 1), where I is the identity
matrix. We factored the covariance matrix I into AA” by the
Crout method. Thus, if V = AY, it follows that V ~ N(Q,I).
The vector V constituted a realization of the process X(t).
The vector Y = (Yo'yl""'Y99) was formed by generating a
sequence of 100 independent standard normal variates.

Hamming (1962) provides the technique for generating Y. This

method is summarized below.



An approximation to normally distributed random numbers
may be obtained from a sequence Xy v k=1, 2,...,F of uni-

formly distributed random numbers by the formula

K
) X, K
yi =k =1 2 . To utilize this method, the value of K
vVK/12
12
was fixed at 12, reducing the formula to yi = z X, - 6.
k=1
Thus, we were able to produce a sequence
Y = (yo,yl,...,ygg) of standard normal variates with mean 0

and unit variance. Hence, we had Y ~ N(0,T).

For each autocorrelation function, we generated 250
realizations which required 250 random vectors Y;,i=1,...,250,
each of which required 100 standard normal variates. Each
normal variate required 12 uniformly distributed random num-
bers. Hence, for each autocorrelation function,

250 x 100 x 12 = 300,000 uniformly distributed random numbers
were required. The power residual method was used to generate
these random numhers, each one being normalized to (0,1).

That is,

r, = normalized (sn), where s, = Aero g

The computer used for the generation was a Univac Series

70/46 which has an integer capacity of 231- 1.

In order to transform each vector Y, into a realization
Vi, via Vi= A Yy, it was necessary to factor I into A*A°, Since
L is a symmetrical, positive definite matrix, it can be

factored into a lower triangular matrix and its transpose.



The factorization was accomplished using the Crout factorization
method, Odell (1971, pg. 38). This method is summarized in
Carter and Madison (1973).

The autocorrelation function R{1) = exp(-B|1|) determines
the degree of association between pairs of values of X(t). We
simulated the pro.ess for twelve autocorrelation functions by
assigning B, the autocorrelaticn parameter, the values
.005, .olo, .o025, .o050, .075, .10, .25, .s0, .75, 1.0, 2.5, 5.0.
With 8 = .005, the process had a correlation above .61 through-
out and .99 for successive pairs of points. For B = 5.0,

R(2) = .00004539, meaning that the values were essentially
independent after two time intervals. The range of B values

used proved to be appropriate for analysis purposes.



CHAPTER 3

Data Analysis

With the data sets generated, as described in Chapter 2,

the first problem was that of determining the durations of

overshoots above selected levels.

From Sveshnikov (1966), we

see that in a continuous random process X(t), X:D*R, two cor-

ditions must be met in order for an overshoot above a level

to occur in the interval

time t we have X (t)

(t,t + dt).

They are that at a give

< a, while X(t + dt) > a. We say that an

overshoot occurs between ty and tj provided X(t,) < a,

a

n

X(tj) - a, and X(t) > a for all tr(ti,tj)r\D. In the discrete

case, we see that the two conditimns required for an overshoot

tn occur above a level A are that X(t

some n.

provided X(t ) - A, X(t ) - A, and X(t.)
n m - i

n) < A, while X(tn+1)

We say that an overshoot occurs between th and tm

A forn -1 < m.

> A’

Figures 1 and 2 illustrate an overshoot in the continuous case

and one in the discrete case, respectively.
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to determine the duration we can only count the number of points
t, between tn and tm such that X(ti) > A, while X(tn) < A, and
X(tm) < A, which is m - n - 1.

Eac'' realization in our data set consisted of 100 points
x(to), x(tl),..., X(tgg). So for a given level A, we located
each overshoot, that is we found i such that X(ti— ) < A, while
x(ti) > A, and then counted the points until X(tj) < A; the
duration was j - i. (0 < i < j < 99). The question soon
surfaced of whether to count as overshoots those points that
began above A, X(to) > A, or which ended above A, X(tgg) > A.
Noting that for small 8 values the system has a lct of memory,
if the process began with X(to) > A, it was probable that it
would stay above A for a long time. Similarly, if the process

exceeded A somewhere between t, and t it was likely to stay

0 99’

bove A up to and including t99. For larger B8 values, we did
not feel that counting the-e so called TO and T99 overshoots

would appreciably affect our results. We therefcre decided to

include these cypes of overshoots in our counting.

We counted overshoots above levels A 0, .5, .75, 1, 1.25,
1.5, 1.75, 2. 2.5, 3, 3.5, 4. Recalling that the process has

a mean 0 and unit variance, we were equivalently considering
overshoots above the mean, .5 standard deviations above the

mean, .75 standard deviations above the mean, etc. 1In applications,
for a process with mean u and variance o’, the overshoots above

level A would be equivalent to overshoots above the value of

A‘O*U.



The value 3.0 was selected as the upper 1limit of the A
levels for analysis purposes. In the indecpendent case, only
.13% of the values would be above 3.0, and in the more cor-
related cases, the number of points above 3.0 and thus, the
number of overshoots, would likely decrease. Zero was selected
as the lower limit.

The durations of the overshoots for each pair, level A
and autocorrelation parameter R, were determined and the sample
mean X and standard deviation s? were computed as usual.

Table 1 contains the means for each pair (A,B8), and Table 2,

the standard deviations.
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Our next step was to plot the mean X vs. the crossing
level A and the standard deviation S vs. the crossing level.
Several of these curves are shown in the figures 3 and 4.

Our search for estimating equations thus began. The curves
indicated an exponential trend, becoming flatter and con-
verging as the B value increased. So we graphed the same
data on log paper. These plots were much strai- nter, but
there was still some curvature left in them. Suspecting an
exponential characteristic again, we tried log-log paper; the
results were not satisfactory. We decided that the curvature
left from the log paper could probably be taken care of with
a quadratic function.

We ran polynomial regression analyses, BMD (1973), for X
as a function of A and 1nX as a function of A. We concluded
that we could best fit the curves using 1nX as a quadratic
function of A. We did the same for the standard deviation S
and concluded that our best fit would be obtained by con-
sidering S as a quadratic function of A. We thus had the

following: _
InX

H]

2
a, + alA + a2A and (II1.1)

S = bo + blA + bzAz, where the coefficients

ai,bi,i=0,l,2 were dependent on g8, the

autocorrelation parameter.

Table 3 gives the simple correlation coefficients for

equations (II1.l) for each B value. Of course, the presence

12



of the quadratic term did, in every case, increase the

correlation between observed and predicted values.

13
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SIMPLE

TABLE 3

CORRELATION COEFFICIENTS

For Standard

Beta For Means Deviations
. 005 -0 95346 -0.96940
.010 -0.90434 -0.94986
.025 -0.98143 -0.98375
.050 -0.81609 -0.85630
.075 -0.99292 -0.95819
.100 -0.99394 -0.95653
.25 -0.97928 -0.91802
.50 -0.93697 -0.91145
.75 -0.95889 -0.94079
1.0 -0.94336 -0.94624
2.5 -0.87894 -0.91315
5.0 -0.87083 -0.91963
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It is clear from the table that the models (equations I1I1.1)
are adequate for each # value.

At this point, for each B, we had the coefficients
agray,a, for the mean and bO'bl'b2 for the standard deviation.
To determine the relationship between R and the constant terms
for the mea, we plotted a, as a function of RB. There was
little doubt that this curve behaved in an exponential manner.
The same phenomenon was observed in plots of other coefficients
as functions of R for both the mean and standard deviation.

We considered the coefficients as functions of 1nf, and then
ran polynomial reqressjion analyses of dearee two and three.

Choosing the third degree, we obtained very good fits. Hence

we have the following:

a, = cg + ¢ (Ing) + cy(Ing)%+ c (1ng)?, and

(111.2)

- 2 3
b, = d  +d (Ing) + d,(Ine)% + a;(inp)?,

for 1 = 0,1,2.

The coefficients <y and di' i=0,1,2,3, are presented in Table

4 for each coefficient ai'bi’ i=0,1,2.

17



TABLE 4

Prediction Coefficients

Means
y cl c2 c3
ao 0.92590 -0.31129 0.06417 0.00988
al -0.64060 0.02881 0.02002 -0.00026
a2 0.11763 0.01749 -90.01017 -0.00131
Standard
Deviations
d d d d
0 1 2 3
b0 1.88589 ~1.02364 0.56796 -0.09535
b1 -1.17242 0.74806 -0.38702 -0.01600
b2 0.20194 -0.16723 0.07649 0.01833

18



Using the last set of coefficients, we were able to
predict the values ao,al,az,bo,bl,b2 for each B value. Hence,
for each R value and each A level, using (III.2) and substituting

into (ITI.1), we could predict X and S as functions of 8 and A.

In summary, we have:

X predicted exp[ao(lnB) + al(1n8)°A + az(lnB)-Azl, and

S predicted bo(lnB) + bl(lnB)-A + b2(1n8)'A2, where

ao(lnB) is a function of 1lnB, etc.

19



Fiqures 3 and 4 picture saome of the ohserved curves
together with the corresponding predicted curves for the
means and standard deviations, respectively. As can be seen
from the plots, for both the means and the standard deviations,
the predicted curves match the observed curves quite well.
For the means, the predicted values 2t A=0 are, consistently,
slightly less than the observed values. Throughout the range
of A values, the predicted curves for the means and standard
deviations appear to fit equally well. Overall, the fits were
much better than one would normally expect in such an analysis.

An 1nteresting phenomenon was observed while viewing
the plots of the linear and quadratic coefficient curves.
Figures 5 and 6 picture the plots of the linear coefficients
a; vs. the guadratic coefficients a, for the means and stan-
dard deviations, respectively. There is definitely a high
correlation between these values. The author has no concrete
explanation to proffer. It may be simply coincidence, it may
be related to the polynomial regression program used, or it
may be a common occurence in such a situation. From a
statistical standpoint, the similarity means that given the
linear coefficient, we are also given prior knowledge of the
quadratic coefficient. Thus the linear and quadratic terms
would not be totally independent. At any rate, we do not
believe that our results were significantly affected by this

event.

20
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Wr constructed freaquency tables for each A level within
each R, and then made plots «f observed cumulative frequencies,
Some of these are presented in Appendix A. The cumulative
plots resemiyled some type of gamma distribution. We decided to
first try the exponential distribution which is a special case
nf the gamma. We used as estimates of theta 1/ohserved mean,
1/observed standard deviation, 1l/predicted mean, and 1l/predicted
standard deviation. The results were not altogether bad, but
the estimated frequencies were consistently higuh for low A
levels. We next tried the gamma distribution whnse density

function 1is

a
b - -
f{x;a,b) = (&) " x? L e bx' for x°0, 0 elsewhere,

The gamma distribution is a two parameter distribution (the
exponential 1s a special case) and therefore provides us a
richer family of curves to use. The gamma distributi.n, its
many uses and properties, is well described in Johnson and

Kotz (1970). The mean u and variance o are given by:

. ?
1 = a/b and 02 = a/bz. Noting that %, = b and %7 = a, when

given the process mean X and variance Sz, we can, by the
method of moments, easily estimate the parameters a and b for
the gamma distribution pdf tor any of our processes.

Using the corrected mean (X - 1/2), we utilized the gamma
distribution with parameters a = (X -.5)2/s% and b = (X -.5)/8°
to find the predicted probabilities of overshoots of duration

1,2,3, etc. For example, for a particular R value and A level,

23



we used ¢ithier the predicted or observed - T.ues of the mean
and varicr~  to calculate a and b. Then, * determine the
probability of the occurence of an oversh=r° of duration 1,

we integrated as follows:

3/2 a . o
Probability = J b . oxas R
176 T(a)
1 a
=/ ._}'_)....__, v {x “'.'})a"l . e_b(X‘.S)dx_
0 TIf(a)

We then used the Kolmogorov-Smirnov goodness of fit test to
determine our degree of accuracy. The results were quite
favorable. Appendix B presents the results of the distribution
fitting for the A and 8 values presented in Appendix A.

Table 5 gives an overall scenario of the goodness of fit
results. Upon viewing the table several points become clear.
The gamma distribution gives excellent results for most A and 8
combinations. Especially important is the consistently excel-
lent results fcr A values above 1l.5--the range of A values
utilized most frequently. The combination of A and B8 values
where the gamma model fails is quite interesting. ‘hen
comparing the predicted mean and variance with the observed
values one notes little difference and, in fact, the gamma
model using the observed values was not satisfactory either.

There are three, possibly related, reasons why the model
fails in these cases. The first is the very conservative
nature of the Kolmogorov-Smirnov test. when the model purcmeters

are estimated from the data (indirectly using the predicting
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equations) and the data are discrete although the model is
a continuous one. The second reason is the possible inadegquacy
of tie gamma model. A survey of Appendix B shows the rejection
always occur: at the first frequency because the gamma mod~l
underestimates the frequency. This suggests ‘hat a more com-
plex model (perhaps a four parameter gamma) might be more satis-
facteiy. However, the third reason is, in the author's opinion,
the real culprit. Quite simply, the sample sizes are too
large. Tt is an interesting phenomeron in statistics that in
anondness of fit problems too much data poses as many problems
as does too little data. Lancaster (1969, pp. 174-75) discusses
this problem and recommends utilization of moderate sample sizes.
In no case where the fit is bad would it have been so if the
same cumulative proportions had been ohserved with sample sizes
under 500.

Of course, to actually varify that this phenomenon
actually causes the problem would be difficult, if not impos-
sible. However, it is pertinent to note that the difficulty
starts when the sample sizes become large while the mean and
variance predictions remain quite accurate and, as ore can
ohserve in Appendix A, the actual shape of the sample cumu-

lative distributinn curves remain consistent.
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TABLE 5

Condensed Summary of Fitted Models

Using Predictive Equations

*Good Fit at a < .01 nt Bad Fit due to mean overestimation
**Gocd Fit at o < .05 L+ Bad Fit due to mean underestimation
0 No data 0?4 Bad Fit due to variance overestimation

0%+ Bad Fit due to variance underestimation

gﬁ\ 0. .5 .75 1.0 1.25 1.5 1.75 2.0 2.5 3.0 3.5 4.0
L005 | ut  x ** * * * * ** ** ** 0 0 0
L010 | pv  * * * * * % * * * % * 0 0 0
L025 | *x % * * % * % * * % * * Ak 0 0 0
050 | **  * * * % * % * * ** * * % * % 0
L0775 | x%x % * % * % * % * * * & * % k* * % 0 0
.10 *k  mk ** * * * % * % * * * & * * * % 0 0
.25 k¥ kK * K * o4 * * * * % + % 0 0
.50 | *x ¥ 0%t o*t ot * * T T T 2 0
.75 * 024 o+ o2+ o214 g4 A x* *¥ * % * % 0
1.0 | 0%y 0%+ o%+ 0%+ o%+ g2¢ k% * % ** * * % ¢ &
2.5 g24 g%+ ot og?v o4 g24 k% *k "k k X% 0
5.0 *%k 524 g4 g4 wx 'Y *& * R ' & 0 0
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CHAPTER 4

Applications

This chapter presents the procedures to utilize the
results obtained in Chapter 3. The computer program developed
to do the necessary calculations is presented in Appendix C.

The analysis was conducted using a standard normal process
{u = 0, 02 = 1) and duration times above a level A were counted.
However, a simple transformation permits the use of any mean
and variance, and duration times below a specified level can
be addressed using the symmetry of the normal distribution.

A final note involves the time intervals. In most
processes the sampling and estimation procedures use data
gathered at regular intervals and the results are, to some
extent, dependent on the interval widths. Questions must be
posed in this context, e.g., it is not reasonable to request
the probability of a duration time exceeding five seconds when
the autocorrelation parameter is estimated based on samples at
one minute intervals--the autocorrelation parameter estimate
must also be based on (or modified to correspond to) data
gathered at one second intervals.,

Our simulation process, hence the 8 values, used unit
intervals corresponding to serial correlation coefficients of
lag 1, lag 2, etc. Should a R value using the actual time
intervals be given, it must be modified to represent the auto-
correlation parameter of a process sampled at unit intervals
and the time period of these intervals must agree with the

time period referred to in the problem under consideration.
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This transformation procedure is summarized as follows. Assume
a value B” has been calculated using intervals 1° = 0,L,2L,3L...
giving R(1") = exp(-6"| 1]). This corresponds to the function
R(1 = exp(-8°h|1|) where 7= 0,1,2,... . Thus R = £“h would
be the autocorrelation parameter estimate corresponding to
intervals of unit length.

As an example, assume a wind speed process where
uw=24m/s, c =8 m/s, and B” = .026 based on samples measured
at 10 minute intervals. We desire to calculate the probability
of exceeding 30 m/s for 3.2 minutes. The 8° value is for
=0, 10 sec., 20 sec.,... . The quantity
B=8"h = .026 « 10 = .26 is for 7 = 0,1 sec., 2 sec.,... and
is the value we would utilize in calculating the probability.

The computer program required the following inputs:

1) Process mean yu,

2) Process standard deviation g,

3) Process autocorrelation parameter (modified
to reflect intervals of unit lengt! .f necessary),

4) The crossing level L under consideration, and

5) The number of time units x (perhaps fractional)
that the duration lasts.

The output gives

1) The uy, ¢, 8, and L values,

2) The adjusted crossing level A (= |L-ul/0),

3) Predicted mean and variance of the process, and

4) Pr {Exceeding L for x time units}.
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Referrina to the example in the preceding paraacaph the

inputs would be:

1) u = 24,

2) o = 8,

3) B = .26, (the .026 value was modified),
4) L = 30, and

5) x = 3.2.

Table 6 gives the computer results corresponding to these
inputs.

The question concerning the applicability of these results
to nonnormal processes remains. Carter and Madison (1973, pp.
35-36) discussed this problem at length. Basically the procedure
outlined above will g.ve satisfactory results when the parent
population is normal appearing - the case with many nonnormal
processes for certain ranges of values for the population
parameters. The estimating procedure developed in Clapter 3
utilizes a unique property of the normal process - independence
of the sample means and variances. Likely the nonnormal process
must be of a form to make this assumption plausible for our pro-

cedure to work satisfactorily.
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TABLE 6

PREDICTION PROGRAM OUTPUT

Yort oo fpATS PALATETES @ Del*
fLONNY LT TL ] 3 4NNN ADJUSTFD LEVEL =
A S T a 26,000 NISTRIRUTIN « MEAM =
WS TATTMYCFE m 54 400N VST [RUYTIN G VARTANCE =

PU e T TLITY OF ¢ XCEFDINS THE CRNMSSICG LFVEL FOR
3,200 TIMF 'WITC & n 307
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APPENDIX A

SAMPLE CUMULATIVE DISTRIBUTION CURVES
FOR AUTOCORRELATION PARAMETERS:
.025, .075, .25, .75, 1.0, 2.5, 5.0

AND A-LEVELS: 0.' 075' loZSy 1075' 2.5
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APPENDIX B

KOLMOGOROV-~SMIRNOV GOODNESS OF FIT TESTS
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KOLMOGOROV-SMIRNOV GONDNESS QOF FIT TESTY
USING PREDICTED VALUES

A-LEVEL = 0,000

DRSERVED MEAN = 12,.15896
PREDICTED MEAN = 11,60%641

GAMMA DISY PARAMETERS!

NUMBER
DURATION  O0BSERVED
1 306
2 140
3 T2
4 54
5 46
6 36
7 42
8 28
9 15
10 19
11 11
12 23
13 12
14 9
15 14
16 e
17 12
18 10
19 15
20 10
QVER 20 200

AUTOCNRRELATION PARAMETER = 0,025

ALPHA =

CUMULATIVE
OBSERVED

0.28281
0.,41220
0.47874
052865
0.57116
0.60444
0.66325
0.66913
0.6R8299
0:70058%
0.71072
0.73198
0.74307
0.75139
0.76433
0.77172
0.7828]
0,79205
0,80591
0.081516

1,00000

TNTAL NUMBER OF OVERSHOOTS = 1082

41

DBSERVENM VARIANCE =
PREDICTED VARIANCE o

0437327 BETA

CUMULATIVE
EXPECTED

0.,3141)3
0,4032¢
0,46498
0.,5131¢4%
0.55287
0.,5R672
0.,61619
0,66223
0.66550
0.6R649
0,70554
0.72295
0.,73892
0,7%364
0,76724
0.,77986
0,7915%9
0.80252
0.,81273
0,82228

1,00000

942,92211
330,40380

0,03361

OIFFERENCE

'0.03132
0,00896
0,01377
0,01551
0,01829
0,01771
0,02707
0,02690
0,01749
0,01407
0,00518
0,00903
0,00415

=0,00225

=0,00292

-0,00814

=0,00878

-0.01067

=0,00682

'0.00712

0,00000



A-LEVEL = 0.750

KNLMOGOROV~-SMIRNOV GOODNESS OF FIT TEST
USING PREDICTYED VALUES

NBSERVED MEAN =
PREDICTED MEAN =

AUTOCNRRELATION PARAMETER = 0,025

T.79122 OBSERVED VARIANCE =
8.12091 PREDICYEN VARJANCE =

GAMMA DISY PARAMETERS! ALPHA =

DURATION

Lol - JEN e NV B R TV S

OVER 20

TOTYAL NUMBER OF QOVERSHOOTS

NUMBER

DBSERVED

239
116
62
44
37
29
23
18
9
14
14
10

12
12
10
8
6
3
4
3

sl

CUMULATIVE
OBSERVED

0.31782
0s4694¢1
0,55186
0,61037
0.65957
0+69814
0+72872
0.75266
0.76463
0.78324
0.80186
0.81516
0.83112
0.84707
0.,86037
0.87101
0.87899
0.88298
0.88830
0.89229

1.00000

42

732

037717 BETA =

CUMULATIVE
EXPECTED

0,3%727
0.,45791
0,52666
0.57952
0,62248
0.65853
0.68943
0,71632
0,74000
0,76101
0.,77981
0.,79670
0,81197
0,82582
0,83863
0,84994
0.,86047
0.,8701¢
0.87902
0,88720

1,00000

147,37265
153,98528

0,04949

DJFFERENCE

«0,03945
0,01150
0,02520
0,03085
0,03710
0,03961
0,03929
0.03633
0,02463
0,02223
0,02205
0,01845
0,01914
0,02125
0,02194
0,02107
0,01852
0,0128¢6
0,00928
0,00508

0,00000



KNLMOGOROV-SMIRNOV GDODNESS OF FIT TESY
USING PREDICTED VALVUES
A-LEVEL = 1.2%0 AUTOCORRELAYION PARAMETER = 0,025

ODBSERVED MEAN = 6.21882 OBSERVED VARIANCE = 95,57799
PREDICTED MEAN = 6.32318 PREDICTED VARIANCE o 03,74118

GAMMA DIST PARAMETERS: ALPHA » 0040493 BETA = 0,0695¢

NUMBER CUMULATIVE CUMULATIVE

DURATION  DBSERVED DBSERVED EXPECTED DIFFERENCE
1 164 0.38588 0,37552 0,01036
2 61 04529641 0.,48763 0,04178
3 38 0.61882 0,56381 0,05501
4 22 067059 0,62177 0,04882
5 17 0.71059 0,66825 0,064234
6 15 0.74588 0.70670 0,03918
7 9 0.76706 0,73916 0,02790
8 10 0479059 0,76696 0,02363
9 L] 0.80238% 0.79102 0,01133

10 13 0.83294 0.,81203 0,02091
11 6 0.84706 0,83049 0,01657
12 7 0.86353 0,84680 0,01673
13 7 0088000 0,86128 0,01872
14 A 0.88941 0,87418 0,01523
15 4 0.89882 0,88571 0,01311
16 0 0.89882 0,89605 0,00277
17 2 0.503%3 0,90534 =0,00181
18 2 0490824 0,91371 «0,00547
19 2 0.9129¢ 0,92126 «0,00832
20 2 0491763 0,920809 =0,01044
OVER 20 35 1,00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 423
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KALMOGOROV~-SMIRNOV GOODNESS OF FIT TEST
USING PREDICYED VALVES
A-LEVEL = 1.750 AUTOCNRRELATION PARAMETER s 0,025

NBSERVFD MEAN = 5.,10377 DOBSERVEN VARJANCE = 37,668406
PREDICTED MEAN = 4.,87360 PREDICTEN VARIANCE = 40,48645)

GAMMA DIST PARAMETERS! ALPHA = 0¢47292 BETA = 0,10808

NUMBER CUMULATIVE CUMULATIVE

DURATION NBSERVED OBSERVED EXPECTED DIFFERENCE
1l 76 0,35849 0.3R100 ~0,02251
2 35 0.52358 0,51154 0,01205
3 19 0.61321 0,60003 0,01318
4 12 0,66981 0,066632 0,00345
5 7 0.70283 0,71838 ~0,0155%
6 11 0,756472 0,76037 ~0,00566
7 9 0.79717 0,79488 0,00229
8 2 0.80660 0,82359 ~0,01698
9 3 0.82075 0,84771 =0,02695

10 1 00825‘07 0986812 '000‘0265
11 6 0.85377 0,88550 -0,03172
12 7 0.88679 0,90036 -0,01357
13 3 0.9009¢ 0,91313 -0,01219
14 2 0.91038 0,92414 «0,01376
15 1 0.91509 0,93365 ~0,01855
16 3 0092925 0,94189 =0,01264
17 Z 0093868 0.94905 '0001037
18 0 0.93868 0,95%527 »0,01659
19 3 0.,95283 0,96070 «0,00787
20 0 0.95283 0.96344 v0,01261
OVER 20 10 1,00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 212

44



KOLHOGORUV-SMIRNQV GOODNESS OF FIT TEST
USING PREDICYED VALUFS
A-LEVEL = 2,500 AUTOCORRELAT]ON PARAMETER = 0,025

OBSERVED MEAN = 24664286 OBSERVEN VARJANCE = 6,94388
PRENICTED MEAN = 3.24129 PREDICTED VARIANCE = 9,37086

GAMMA DIST PARAMETERS! ALPHA = 0.00102 BETA = 0,29253

NUMBER CUMULATIVE CUMULATIVE

DURATION  DOBSERVED DBSERVED ENPECTED DIFFERENCE
1 22 0.52381 0.3%2R9 0,17092
2 6 0.66667 0.56617 0.12049
3 5 0,78571 0,67599 0410972
4 1 0.80952 0,76651 0,04301
5 2 0,85714 0,83075 0,02639
6 1 0.8809% 0.876A) 0,006414
7 4 0.97619 091007 0,06612
8 0 0.97619 092419 0,04200
9 0 0.97619 0,9%175 0,02644

10 0 0.97619 0,94457 0,01162
11 0 0.97619 0,97395 0,00224
12 0 0:97619 0,9%0A3 «0,00464
13 0 0.97619 0,98587 «0,00968
14 1 1.00000 0.94998 0,01062
15 0 1.00000 0,99231 0,00769
16 0 1,00000 0.99433 0400567
17 0 1.00000 0.99581 0,00419
18 0 1.00000 0.99690 0,00310
19 0 1.00000 0,99771 0,00229
20 0 1,00000 0,99830 0,00170
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER OF QOVERSHOOYS = .
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KNLMOGOROV-SMIRNNV GOOONESS OF FIY TEST
USING PREDICTED VALUES
A-LEVEL = 0,000 AUTOCORRELAYION PARAMETER ® 0,075

NBSERVED MEAN = 7.73678 OBSERVED VARIANCE = 109,75586
PREDICTED MFAN = T7.32331 PREDICTEN VARIANCE = 100,10658

GAMMA DIST PARAMETERS! ALPHA » 0s46509 BETA = 0,06816

NUMBER CUMULATIVE CUMULATIVEF

DURATION 0BSERVED DBSERVED EXPECTFD DIFFERENCE
1 463 0,28811 0.,31691 -0,02880
2 231 0.43186 0.42826 0,00350
3 126 0.51027 0,50670 0,00357
A 101 0.57312 0,56763 0,00549
5 70 0.61668 0.61732 ~0,00064
6 67 0.6%837 0,6%899 =0,00062
7 62 0.69695 0,69456 0,00239
[ 52 0.72931 0,725%4 0,00397
9 “2 0.75564 0.,7%222 0,00322

10 29 0.77349 0,77588 -0,00239
11 26 0.788423 0,796R2 «0,00840
12 27 0.80523 0,81546 -0,01023
13 20 0.81767 0.83210 “0, 01443
14 21 0.83074 0,84702 «0,01628
15 12 0.83821 0.860644 wh, 02223
16 19 0.85003 0.87253 v0,02250
17 23 086434 0,8R345 ~0,01911
18 18 0.87554 0,8933% w0,01779
19 9 0.88114 0,90230 -0,02115%
20 25 0.89670 0,91044 «0,01374
OVER 20 166 1.00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 1607
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KOLMOGORDV-SMIRNQV GDODNESS OF FIT TEST
USING PREDICYED VALUES
A-LEVEL = 0.750 AUTOCORRELATION PARAMETER & 0,075

OBSERVED MEAN = 4,65253 OBSERVED VARIANCE » 3%5,19763
PREDICTED MEAN = 4.82934 PREDICYEN VARIANCE = 60,96538

GAMMA DISY PARAMETERS? ALPHA = 0+456409 BETA = 0,10559

NUMBER CUMULATIVE CUMULATIVE

DURATION DOBSERVED  DBSERVED EXPECTED DIFFERENCE
1 430 035744 0,39145 «0,03401
2 200 0.52369 0.52048 0,00321
3 127 0.62926 0,60740 0,02186
“ 80 0.69576 0,67233 0,02343
5 67 0.75148 0.72322 0,02823
b 54 0479634 0,76425 0,03209
7 33 0.82377 0,79795 0,02582
8 33 0.85121 0,82600 0,02521
9 25 0.87199 0.84957 0,02262

10 18 0,88695 0,86933 0,01742
11 19 0.90274 0,8R6%6 0,01620
12 9 0.91022 0.90111 0,00912
13 14 0.92186 0,91363 0,00823
15 9 0.93516 0,93379 0,00137
16 10 0094347 0,94191 0,00156
17 6 0,94846 0,96897 «0,00051
18 10 0.98677 0,95512 0,00165
19 5 0.96093 0,96049 0,00064
20 7 0,96675 0,96519 0,00156
OVER 20 40 1,00000 1,00000 0,00000

TOTAL NUMBER NF QVERSHOOTS = 1209
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KOLMOGOROV~-SMIRNQV GONDNESS OF FIY TEST
USING PREDICYED VALUFS
A-LEVEL = 1,250 AUTOCORRELATION PARAMETER s 0,075

OBSERVED MEAN = 3.,58438 OBSERVEN VARIANCE = 19,36978
PREDICTED MEAN = 3,71%63 PREDICYEND VARIANCE o 20,39255

GAMMA DISY PARAMETERS! ALPHA = 050706 BETA = 0,15769

NUMBER CUMULATIVE CUMULATIVE

DURATION  DBSERVED DBSERVED EXPECTED DIFFERENCE
1 304 0.42399 0,41976 0,00623
2 123 0,59554 0,56756 0,02798
3 79 0,70572 0,66461 G,06111
“ 53 0,77964 0.73461 0,04503
5 25 0.81450 . 0,78736 6,02715
6 30 0.85638 0,828y3 0,02R21
7 22 0.88703 0,86019 0,02684
8 12 0.90377 0,88570 0,01A806
9 13 0.92190 0.90619 0,01571

10 6 0.93026 0,92274 0,00752
11 8 0,94142 0,93620 0,00522
12 6 0.94979 0,94719 0,00260
13 1 0.95119 0.9%620 «0,00501
16 8 0,96234 0,96361 .0,00126
15 “ 0,96792 0.96971 -0,00179
16 3 0.97211 0,97476 «0,00266
17 2 097490 0,9789¢ «0,00405
18 3 0.97908 0.90241 «0,00333
19 1 0.980647 0,98529 “0,00682
20 0 0,98067 0,98769 ©0,00722
OVER 20 14 1,00000 1,00000 0,00000

TOTAL NUMBER OF QOVERSHOOTS = 717
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KOLMOGOROV~-SMIRNOV GOODNESS OF FIY TEST
USING PREDICTED VALUFS
A-LEVEL = |,750 AUTOCNRRELATION PARAMETER = 0,075

NBSERVED MEAN = 3,00961 DBSERVEN VARIANCE = 9,40695
PREDICTED MEAN = 2.89981 PREDICTYEN VARIANCE = 9,27860

GAMMA DIST PARAMETERS! ALPHA » 0:62060 BETA = 0,25864

NUMBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED OBSERVED EXPECTED DIFFERENCE
1 129 0.41346 0,42796 =0,02450
2 65 0.62179 0,61528 0,00651
3 40 0.7%000 0,72709 0,02291
4 22 0.82051 0,80286 0,01765
5 13 0.86218 0,85598 0,00620
(.} 8 0080782 0.89396 '0.0061"
7 8 0,91346 0,92147 «0,00801
A 4 0.92628 0,9615%9 -0,01531
9 5 0.9623] 0,9%640 wD,01409

10 5 0.9583)3 0,946735 «0,00902
11 2 0:956474 0,975%0 ~0,01076
12 ] 0,98077 0,9R1%7 =0,00080
13 2 0.98718 0,98612 0,00106
14 1 0.99038 0,9R9%2 0,00086
15 1 0.,99359 0,99209 0,00150
16 0 0.9935%9 0,99401 -0,000642
17 1 0.99679 0,99547 0,00133
1A 0 099679 0,99656 0,00023
19 0 0.99679 0,997%9 »0,00060
20 0 0.99679 0,99802 w0,00122
OVER 20 1 1,00000 1,00000 0,00000

TOTAL NUMBER OF OVERSWOOTS = 312
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KNLMOGOROV-SMIRNOV GONDNESS OF FIT TEST
USING PREDICTED VALUES
A-LEVEL = 2.500 AUTOCORRELATION PARAMETER = 0,075

OBSERVED MEAN = 2,12000 OBSERVEN VAR!ANCE = 3,30559
PREDICTED MEAN = 2,05026 PREDICTEN VARJANCE = 2,62239

GAMMA DIST PARAMETERSY ALPHA = 091646 BFTA » 0,59116

NUMBER CUMULATIVE CUMULATIVE

DURATION OBSERVED DBSERVFD EXPECTFD DIFFERENCE
1 25 0.50000 0,4RB4&2 0,01158
2 14 0.78000 0,7259¢4 N,05606
3 4 0.8A000 0.85147 0,00833
4 3 0.92000 0.91930 0,00070
5 1 0.94000 0,95596 ~0,01596
6 1 0.96000 0,97591 *Ny01591
7 0 0.96000 0.9R6R0 w0,02680
8 1 0.98000 0,99276 «0,01276
9 0 0.98000 0,996n3 «0,01603

10 1 1.00000 0,99782 0,00218
11 0 1,00000 0,99840 0,00120
12 0 1.00000 0,999%% 0,00066
13 0 1.00000 0.999A4 n,00036
14 0 1.,00000 0,99980 0,00020
15 0 1.00000 0,999R9 0,00011
16 0 1.00000 0,9999¢ 0,00006
17 0 1.,00000 0,99997 0,00003
18 0 1.00000 0,99998 0,00002
19 0 1.00000 0,99999 0,00001
20 0 1.00000 0,99999 0,0000!
OVER 20 0 1.00000 1,00000 0,00000

TNTAL NUMBER OF OVERSHOOTS = 30
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L= ensd

KOLMOGOROV-SMIRNQV GOOONESS OF FIT TEST
USING PREDICYED VALUFS

A-LEVEL = 0,000

NBSERVED MEAN » 40364698
PREDICTED MEAN = 4,28208

GAMMA DISYT PARAMETERS!

NUMBER
DURATION DBSERVED
1 890
2 485
3 311
4 218
5 187
6 135
7 130
8 79
9 T4
10 58
11 52
12 44
13 27
14 26
15 26
16 17
17 9
18 13
19 7
20 10
OVER 20 35

AUTOCNRRELATION PARAMETER = 0,250

ALPHA =

CUMULATIVE
OBSERVED

0.314153
0.,48533
0.,59513
0.67208
0.73809
0.78574
0.83163
0.85951
0.88563
0.90611
0.92446
0.93999
0.94952
0.9%870
0.96788
0.97368
0.97706
0.98164
0.98412
0.98763

1,00000

TOTAL NUMBER OF OVERSHOOTS = 203)
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OBSERVEN VARJANCE =
PREDICTED VARIANCE »

0,66140 BEYA «

CUMULATIVE
EXPECTED

0,32685
0,48418
0,9594465
0,67692
0,7404¢
0,79024
0,82975
0,8413¢4
0.,88675
0.,9073%0
0.92397
0,93755
0.,94863
0,95769
0,96511
0.,97121
0,97622
0.980234
0,98373
0,98694

1,00000

20,87042
21,62711

0,17688

ODIFFERENCE

~0,01270
0,00120
0,00068
«0,00484
-0.00235
"'0.00‘051
0,00188
‘0'00‘82
'0.00112
«0,00119
0,00049
0,00245
0,00090
0,001C1
000277
0,00267
0,00084
0,00131
0,00038
0,00111

0,00000



KNLMOGOROV-SMIRNOV GOOONESS OF FIT TEST
USING PREDICYED VALUES
A-LEVEL = 0,750 AUTOCORRELATION PARAMETER = 0,250

NBSERVED MEAN =  2,63016 OBSERVED VARIANCE e $,7058)
PREDICTED MEAN =  2,76463 PREDICTEN VARIANCE s 7,65695

GAMMA DIST PARAMETERSS ALPHA = 0:.64997 BFTA = 0,29%84

NUMBER CUMULATIVE CUMULATIVE

DURATION NBSERVED DB8SERVED EXPECTFD DIFFERENCE
1 929 0,44069 0,92066 0,00403
2 423 0.641006 0,673R3 0,01724
3 266 0.76719 0.,74067 0402452
4 164 0.84495 0,81827 0,025668
5 110 0.89711 0,8713¢ 0,02577
6 68 0.92935 0.90827 0,02108
7 48 0.,9%5211 0,93426 0,01785
8 35 0.98871 0.9%269 0,01601
9 23 0,97961 0,9A585 0,01376

10 18 0.98815% 0,97528 0,01287
11 7 0e99147 0.98207 0,00940
12 6 099431 0,9R607 0400734
13 1 0.99478 0,99051 0,00627
14 3 0.99621 0,99309 0,00312
15 1 0.99668 0,99495 0,00173
16 1 0.99716 0.996131 0,0008%
17 3 0.99838 0.997%0 0,00127
18 0 0.,99858 0.,99603 0,00055
19 1 0.99905 0,9985%5 0,00050
20 0 099905 0,9989¢ 0,00011
OVER 20 2 1.,00000 1.00000 0,00000

TNTAL NMUMBER NF QVERSHOOTS = 2109
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KNLMOGORQV~-SMIRNOV GODONESS OF F1Y TEST
USING PREDICYED VALUES
A-LEVEL = 1,230 AUTOCNRRELAYJON PARAMETER = 0,250

OBSERVED MEAN = 2,03783 OBSERVEN VARIANCE = 2:76502
PRENICTED MEAN = 2,10745 PREDICTEN VARIANCE = 3,39810

GAMMA DIST PARAMETERS! ALPHA = 0,01822 BETA » 0,49070

NUMBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED OBSERVED EXPECTED OIFFERENCE
1 655 0.53865 0., 4r33] 60,0553+
2 256 0¢76753 0.704A9 0,04285%
3 139 0.86184 0,82761 0,03424
4 73 0.92188§ 0.89828 0,02359
5 42 0.95661 0.,939%8 0,01683
-] 22 0.97651 0.,96395 0,01055
7 17 0.98849 0.,97842 0,01007
8 3 099095 0.9R705 0,00390
9 5 0.99507 0.99221 0,00285

10 2 0.99671 0,995131 0,00140
11 1 0.9975) 0.99717 N,00036
12 2 0.99918 0,99829 0,00089
13 o] 0.99918 0,99897 0,0002!}
14 0 0.99918 0,99938 «0,00020
15 0 0.99918 0,99962 »0,000446
16 0 0.99918 0,99977 «0,00059
17 0 0.99918 0,99986 «0,00068
18 0 0.99918 0,99992 «0,00074
19 0 0.99918 0,99995 «0,00077
20 0 0.99918 0.99997 =0,00079
OVER 20 1 1.,00000 1,20000 0,00000

TOTAL NUMBER NnF QVERSHOOTS = 1216
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KOLMNGOROV-SMIRNOQV GOODNESS OF FIT TEST
USING PREDICTED VALUFS

A-LEVEL = 1,750

OBSERVED MEAN = 1,72134
PREDICTED MEAN = 176625

GAMMA DIST PARAMETERS!

NUMBER
DURATION DBSERVED
1 307
2 115
3 41
4 22
5 10
6 5
7 5
8 1
9 0
10 0
11 0
12 0
13 0
14 0
15 0
16 0
17 0
18 0
19 0
20 0
OVER 20 0

AUTOCNRRELATION PARAMETER = 0,250

ALPHA =

CUMULATIVE
OBSERVED

0.60672
0.83399
0.,91502
0.95850
0.97826
0.98814
0.99802
1.00000
1.00000
1,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

1.00000

TOTAL NUMBER OF OVERSMOOTS = 506
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OBSERVED VARJANCE =
PREDICTED VARJANCE =

1,13992 BETA =

CUMULATIVE
EXPECTED

0,53131
0.79767
0.91418
0.96400
0.90498
0.99376
0,99742
0,99893
0.99956
0,99982
0.99993
0.99997
0.99999
0.99999
1,00000
1,00000
1,00000
1,00000
1,00000
1,00000

1.00000

1,43816
1,40658

0,90023

DIFFERENCE

0,07541
0,03653
0,00084
«0,00550
'0.00672
©0,00562
0,00061
0,00107
0,00044
0,00018
0,00007
0,00003
0,00001
0,00001
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000

0,00000



KALMOGOROV~-SMIRNQV GONDNESS OF FIT TEST
USING PREDICTED VALUES
A-LEVEL = 2.500 AUTOCORRELATION PARAMETER s 0,250

NBSERVED MEAN = 1,38272 OBSERVEN VARIANCE = 0,85333
PRENICTED MEAN = 139699 PREDICTED VARIANCE = N,48802

GAMMA JIST PARAMETERS! ALPHA = 1066867 BETA = 1,83802

NUMBER CUMULATIVE CUMULATIVE

DURATION  DBSERVED 08SERVED EXPECTED DIFFERENCE
1 64 0.79012 0,65623 0,13389
2 10 0.91358 0.,92382 »0,01024
3 3 0.95%5062 0,98494 ~0,03432
A 2 0.97531 0,99718 »0,02187
5 1 0.98765 0,99949 «0,01184
6 1 1,00000 0,99991 0,00009
7 0 1.00000 0,99998 0,00002
8 0 1,00000 1,00000 0,00000
9 0 1.,00000 1,00000 0,00000

10 0 1.,00000 1,00000 0,00100
11 0 1,00000 1,00000 0,00000
12 0 1.,00000 1,00000 0,00000
13 0 1.00000 1,00000 0,00000
14 0 1.00000 1,00000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1.00000 1,00000 0,00000
18 0 1,00000 1,00000 0,00000
19 0 1.00000 1,00009 0,00000
20 0 1.00000 1,00000 0,00000
OVER 20 0 1.00000 1,00000 0,00000

TOTAL NUMRER OF QOVERSHONYS = 81
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KOLMOGOROV-SMIRNOV GOODNgSS OF FIT TESTY
USING PREDICTED VALUFS

A-LEVEL = 0,000 AUTOCNRRELATION PARAMETER = Q,750

NBSERVED MEAN = 2,89229 OBSERVED VARJANCE = 6406546
PRENICTED MEAN = 2.77466 PREDICTED VARIANCE » €,97132

GAMMA DIST PARAMETERSt ALPHA = 1064078 BETA = 0445756

NUMBER CUMULATIVE CUMULATIVE

DURATION  DBSERVED OBSERVED EXPECTFD DIFFERFNCE
\ 1628 0.37228 0,34775 0.,02453
2 912 0.58084 0,5R128 -=0,00045
3 610 0.72033 0,73232 -0,01199
4 412 0.816454 0,82925 ~0,01470
5 280 0.87857 0,89123 ~0,01265
6 161 0.91539 0.93078 -0,01539
7 122 0.94329 0.95598 -0,01269
8 93 0.96456 0,97202 ~0,00746
9 43 0497439 0,9R222 «0,00783

10 39 0+98331 0,9Rr871 ~0,00540
12 16 0.99108 0,99545 =0,00437
13 12 0.99383 0,99711 -0,00329
14 10 0.99611 0,99817 -0,00206
15 8 099794 0,99884 =0,0C090
16 2 0.99840 0.99926 =0,00086
17 2 0.99886 0,99953 «-0,00068
18 1 0.99909 0,99970 ~0,00062
19 0 0.99909 0.99981 «0,00073
20 1 0.99931 0.99988 »0,00057
OVER 20 3 1.00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 4373
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S

KOLMDGOROV~SMIRNOV GOODNESS OF FIT TEST
USING PREDICTYED VALUES

A-LEVEL = 0.750

OBSERVED MEAN = 1,78643
PRED(CTED MEAN = 1.,81846

GAMMA DIST PARAMETERS!

NUMBER
DURATION OBSERVED
1l 1860
2 743
3 305
4 141}
5 15
6 39
7 20
8 7
9 3
10 2
11 1
12 1
13 l
14 0
15 0
16 0
17 0
18 0
19 0
20 0
OVER 20 0

AUTOCNRRELATION PARAMETER s 0,750

ALPHA =

CUMULATIVE
OBSERVED

0.58161
0.81395
0.90932
0:s95341
0.97686
0.98906
0.99531
0.99750
0.99844
099906
0.99937
0.99969
1.00000
1.,00000
1.,00000
1.00000
1.00000
1.,00000
1.00000
1,00000

1.00000

TNTAL NUMBER OF OVERSHOOTS = 3198
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OBSERVEN VARIANCE =
PREDICTED VARIANCE =

1401425 BETA =

CUMULATIVE
EXPECTED

0,52991
0,7R086
0.69804
0.95261
0,97799
0.98978
0,99525
0,99780
0,99898
0,99953
0,99978
0.99990
0.99995
0,99998
0,99999
1,00000
1,00000
1,00000
1,00000
1,00000

1,00000

1462950
1,71390

0,76927

DIFFERENCE

0,05171
0,03308
0,01127
0,00080
-0,00113
'0.00072
0.00006
-0.00030
=0,400054
‘0'000“6
«0,000641
-0.00021
0,00005
0,00002
0,00001
0,00000
0,00000
0,00000
0,00000
0,00000

0,00000



KNLMOGOROV~-SMIRNOV GOODNESS OF FIV TEST
USING PREDICTED VALUES
A-LFVEL = 1.250 AUTUCORRELATION PARAMETER = 0,750

NBSERVED MEAN = 1.,45305 OBSERVED VARIANCE = 0,68482
PREDICTED MEAN = 1,47132 PREDICTED VARIANCE = 0,73183

GAMMA DIST PARAMETERSt ALPHA = 1028920 BETA = 1,32726

NUMBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED 0BSERVED EXPECTED DIFFERENCE
1 1254 0.69167 0,62912 0,06256
2 383 0.90292 0,8R694 0,01598
3 116 0,96691 0,96711 =-0,00021
4 38 0.98787 0,99065 -0,00278
5 16 0499669 0,99738 «=0,00069
6 4 0.99890 0.99927 «0,00037
7 2 1.00000 0,99980 0,00020
8 0 1.00000 0,99994 0,00006
9 0 1.00000 0,99998 0,00002

10 0 1,00000 1,00000 0,00000
11 0 1.00000 1,00000 0,00000
12 0 1.00000 1,00000 0,00000
13 0 1.00000 1,00000 0.00000
14 0 1.00000 1,00000 0,00000
15 0 1,00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1,00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 1813
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KNLMOGOROV-SMIRNQV GODONESS OF FIT TEST
USING PREDICYED VALUFS
A~LEVEL = 1.750 AUTOCORRELATION PARAMETER = 0,750

DBSERVED MEAN = 1,29041 DBSERVED VAR]JANCE = 0.39792
PREDICTED MEAN = 1.25889 PREDICTED VARIANCE = 0,28063

GAMMA DISY PARAMETERS: ALPHA = 20:08222 BETA = 2,70623

NUMBER CUMULATIVE CUMULATIVE

DURATIQON NBSERVED OBSERVED EXPECTED DIFFERENCE
1 595 0.78187 0.74012 0,064175
2 125 0694612 0.94907 ~0,02295
3 30 0.,98555 0,99700 =~0,C1146
4 9 099737 0,99974 ~0,00236
5 1 0.99869 0,99998 «0,00129
6 1 1.00000 1,00000 0,00000
7 0 1.00000 1,00000 0,00000
8 0 1.,00000 1,00000 0,00000
9 0 1.00000 1,00000 0,00000

10 0 1,00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1.00000 1,00000 0,00000
13 0 1.00000 1,00000 0,00000
14 0 1.00000 1,00000 0,00000
15 0 1,00000 1,00000 0,00000
16 0 1,00000 1,00000 0,00000
17 0 1.,00000 1,00000 0,00000
18 0 1,00000 1,00000 0,00000
19 0 1,00000 1,00000 0,0°300
20 0 1.,00000 1,00000 0,00000
QVER 20 0 1,00000 1,000600 0,00000

YOTAL NUMBER OF OVERSHONTS = 761

59



KNLMOGORDV~-SMIRNOV GODDNESS OF FIT TEST
USING PREDICTED VALUES
A-LEVEL = 2.500 AUTODCDRRELATION PARAMETER = 0,750

NBSERVED MEAN = 1.10489 OBSERVEN VARIANCE = 0,14984
PREDICTED MEAN = 1.10643 PREDICYED VARJANCE = 0,075902

GAMMA DIST PARAMETERS! ALPHA = 4068376 BETA = 7.67402

NUMBER CUMULATIVE CUMULATIVE

DURATION  0BSERVED DBSERVED EXPECTED DIFFERENCE
1 131 0491608 0,90746 0,00862
2 10 0.,98601 0,99959 «0,01257
3 1 0.99301 1,00000 ~0,00K99
4 1 1,00000 1,00000 0,00000
5 0 1.00000 1,00000 0,00000
6 0 1.,00000 1,00000 0,00000
7 0 1.00000 1,00000 0,00000
8 0 1.00000 1,00000 0,00000
9 0 1,00000 1,00000 0,00000

10 0 1.00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1.00000 1,00000 0,00000
13 0 1,00000 1,00000 0,00000
14 0 1.00000 1,00000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1,00000 1,00000 0,00000
17 0 1.00000 1,00000 0,00000
18 0 1.00000 1,00C00 0,00000
19 0 1,00000 1,00000 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER DF QVERSHOOTS = 143
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KOLMOGORQOV-SMIRNOV GOODNESS QOF FIY TEST
USING PREDICTED VALUFS
A-LEVEL = 0,000 AUTOCNRRELAYION PARAMETER = |,000

NBSERVED MEAN s 2,60607 OBSERVED VARIANCE = 4,48415
PREDICTED MEAN = 2:52614 PREDICTEN VARIANCE = 3.55658

GAMMA DISY PARAMETERS! ALPHA » 1415199 BETA = 0,56912

NUMBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED DBSERVED FXPECTFD DIFFERENCE
1 1925 0.39765 0.34326 0,03438
2 1104 0.62570 0,61857 0,00713
3 689 0.76802 0,77530 -0,00728
A €12 0.85313 0.86879 -0,01567
5 262 0.90725 0.9238] -0,01656
6 178 0:94402 0,95592 =0,01190
7 101 0.96488 0.9745%7 -0,00969
8 59 0.97707 0,98516 -0,00829
9 43 0.98595 0,99159 ~0,00566

10 18 0.98967 0,99517 «0,00550
11 18 0.99339 0.,997223 -0,00384
12 9 0.99525 0,99842 «0,00317
13 5 0.99628 0,99909 -0,00281
16 7 0499773 0,99948 -0,00175
15 5 0.99876 0,99970 «0,00094
16 3 0.99928 0,99983 ~0,000645
17 2 0.99979 0.99990 »0,00011
18 1 1.00000 0,9999¢ 0,00006
19 0 1.00000 0,99997 0,00003
20 0 1.000069 0.,99998 0,00002
OVER 20 0 1.,00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHONYS = 4084)

61



KOLMOGOROV-SMIRNQV GOODNESS OF FIT TESTY
USING PREDICTED VALUFS
A-LEVEL = 0.750 AUTOCORPELATION PARAMETER = ],000

DBSERVED MEAN = 1.66955 OBSERVEN VARIANCE = 1,30336
PREDICTED MEAN = 1.66799 PREDICTEN VARJANCE = 142547177

GAMMA DIST PARAMETERS! ALPHA = 1,08720 BETA = 0,93084

NUMBER CUMULATIVE CUMULATIVE

DURATIQON DBSERVED OBSERVED EXPECTED DIFFERENCE
1 2151 0.61971 0.56719 0,05252
2 770 0.,84154 0,82263 0,01891
3 302 0.92855 0.92822 0,00033
4 140 0.96889 0.,9711¢4 «0,00225
5 61 0.98646 0,98844 -0,00198
6 21 0.99251 0,99538 =0,00287
8 7 0.99888% 0,99927 -0,00042
9 1 099914 0,99971 «0,00057

10 1 0.29942 0.99988 -0,00046
11 O 0.999‘02 0099995 "0.00053
12 0 099942 0.99998 =0,00056
13 1 0+99971 0 99999 =0,00028
14 1 1.00000 1, 0000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1.,00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.00000 1,000600 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1.00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 347}
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KALMOGORQV~-SMIRNOV GONDNESS OF FIT TEST
USING PREDICTED VALUES
A-LEVEL = 1,250 AUTOCORRELAT]ON PARAMETER = ],000

NBSERVED MEAN = 1037456 OBSERVEND VARIANCE = 0457043
PREDICTED MEAN = 1.36199 PREDICYEND VARIANCE = 0,34155

GAMMA DIST PARAMETERS! ALPHA = 1637205 BFTA » 1459172

NUMBER CUMULATIVE CIMULATIVE

DURATION  DBSERVED DBSERVED EXPECTED DIFFERENCE
1 1485 0474065 0,67827 0,06238
2 363 0492170 0.92107 6,00063
3 105 0497406 0,9818¢ «0,00777
" 37 0.99252 0,99595 «0,00343
5 10 0499751 0,9991i «0,00161
6 4 0499950 0,999r1 -0,00031
7 0 0499950 0,99996 *0,00046
8 1 1.00000 0,99999 0,00001
9 0 1.,00000 1,00000 0,00000

10 0 1.00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1.,00000 1,00000 0,00000
13 0 1,00000 1,00000 0,00000
14 0 1.,00000 1,00000 0,00000
15 0 1,00000 1,00000 0,00000
16 0 1,00000 1,00000 0,00000
17 0 1,00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.,00000 1,00000 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1.,00000 1,00000 0,00000

TNTAL NUMBER OF QOVERSHOOTS = 2009

63



KNLMOGORQV=-SMIRNOV GOODONESS QF FIY TEST
USING PREDICTED VALUES
A-LEVEL = 1.750 AUTOCORRELATION PARAMFTER = 1,000

OBSERVED MEAN = 1,22261 ORSERVED VARIANCE = 0,32530
PREDICTED MEAN = 1.17950 PREDICYED VARJANCE = 0,20484

GAMMA DIST PARAMETERSY ALPHA = 228402 BETA » 3,31716

NUMBER CUMULATIVE CUMULATIVE

DURATION  0BSERVED OBSERVED EXPECTED DIFFERENCE
1 722 0.83276 0.79859 0403417
2 110 0.95963 0,90515 »0,02552
3 26 0.98962 0,99915 =0,00954
4 6 0.996%4 0.,99996 w0,00342
5 2 0,99883 1,00000 »0,00115
6 1 1,00000 1,00000 0,00000
7 0 1.00000 1,00000 0,00000
8 0 1.00000 1,00000 0,00000
9 0 1,00000 1,00000 0,00000

10 0 1.00000 1,00000 n,00000
11 0 1,00000 1,00000 0,00000
12 0 1.00000 1,00000 0.00000
13 0 1,00000 1,00000 0400000
14 0 1.00000 1,00000 0,00000
15 0 1,00000 1,00000 0,00000
16 0 1.00000 1.,00000 0,00000
17 0 1.00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1,00000 1,00000 0,00000
20 0 1.00000 1,00000 0,00000
OVER 20 0 1.,00000 1,00000 0,00000

TOTAL NUMBER NF QOVERSHOOTS = 867
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KNLMOGOROV-SMIRNOV GOOONESS OF FIT TEeST
USING PREDICYED VAILUFS
A-LEVEL = 2,500 AUTOCORRELATION PARAMETER = 1,000

NBSERVED MEAN = 1.13043 OBRSERVEN VARIANCE » 0,14241
PREDICTED MEAN = 1,06140 PREDICTEN VARJANCE = 0,04707

GAMMA DISY PARAMETERS:t ALPHA = 6.,609515 BETA & 11,929%85

NUMBER CUMULATIVE CUMULATIVE

OURATION NBSERVED NDBSERVED EXPECTED OIFFERENCE
1 122 0.88406 0.94205 ~0,07799
2 14 0.938551% 0.99999 «0,01448
3 2 1.00000 1,00000 0,00000
4 0 1.00000 1,00000 0,00000
5 0 1.00000 1,00000 0,00000
6 0 1.,00000 1,00000 0,00000
7 0 1,00000 1,00000 0,00000
8 0 1.00000 1,00000 0,00000
9 0 1.00000 1,00000 0,00000

10 0 1,00000 1,00000 0,N0000
11 0 1.00000 1,00000 0,00000
12 0 1.00000 1,00000 0,00000
13 0 1.00000 1,00000 0.00000
14 0 1.00000 1,000Nn0 0,00000
18 0 1.,00000 1,000%0 0,00000
16 0 1.00000 1,000%0 0,00000
17 0 1.00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

TATAL NUMBER NF OVERSHOOTS = 130
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KNLMOGORQV-SMIRNQV GOODNESS QOF FIY TEST
USING PREDICVED VALUFS
A-~LEVEL = 0,000 AUTOCDRRELATION PARAMETER = 2,500

OBSERVED MEAN = 2.07269 OBSERVEN VARJANCE = 2,21012
PREDICTED MEAN = 2.,01808 PREDICYEND VARIANCE = 1,82638

GAMMA DISY PARAMETERSS ALPHA = 1.26180] BETA » 0,83119

NUMBER CUMULATIVE CUMULATIVE

DURATION  DBSERVED DBSERVED EXPECTED DIFFERENCE
1 2890 0.48295 0.,46830 0,03465
2 1526 0.73797 0.73182 0,00614
3 703 0.85545 0.87403 «0,01858
4 419 0:92547 0.941R6 ~0,01639
5 226 0.96324 0,97345 ~0,01022
6 102 0.98028 0.98797 «0,00769
7 60 0.99031 0,996457 ~0,00627
8 34 0.99599 0.99756 «0,00157
9 9 0:99749 0.99891 ~0,00142

10 8 0.99883 0,99951 «0,00068
11 4 0.99950 0,99978 «0,00028
12 2 0,99983 0.99990 «0,00007
13 1 1.00000 0499996 0,00004
14 0 1.00000 0,99998 0,00002
15 0 1.00000 0+99999 0,00001
16 0 1.,00000 1,00000 0,00000
17 0 1.00000 1,00000 0,00000
18 0 1,00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1,00000 1.,00000 0,00000

YOTAL NUMBER OF OVERSHOOTS = 398¢
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KNLMOGOROV-SMIRNIV GUODNESS OF FIT TEST
USING PREDICTED VALUES
A-LEVEL *= 0,750 AUTOCORRELATION PARAMETER s 2,500

NBSERVED MEAN = 1.33962 OBSERVEN VARIANCE = 0,44402
PREDICTED MEAN = 1,38232 PREDICTEN VARJANCE = 0,664758

GAMMA D1SY PARAMETERSI ALPHA = 1e20215 BETA = 1,36249

NUMBER CUMULATIVE CUMULATIVE

DURATION OBSERVED DBSERVED FXPECTED DIFFFRENCE
1 3204 0.76581 0.,671R1 0,07400
2 013 0.935%06 0,9n72¢6 0,02780
3 206 0.98301 0:97466 0,00835
4 60 0499697 0,99319 0,00379
5 11 0,9995%3 0,96819 0,00135
6 2 1.00000 0,99952 0,00048
7 0 1.00000 0.,99987 0,00013
8 0 1.00000 0,99997 0,00003
9 0 1.,00000 0,99999 0,70001

10 0 1,00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1.00000 1,00000 0,00000
13 0 1.,00000 1,00000 0,00000
14 0 1.00000 1,000n00 0,00000
15 0 1.00000 1,00000 0,00Nn00
16 0 1.00000 1,00000 0,00000
17 0 1,00000 1,00000 0,00000
18 0 1.00000 1,00000 0,05000
19 0 1.,00000 1,00000 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER NF QOVERSHOOTS = 4296
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KNLMOGORQV=-SMIRNOV GDODNESS OF FIY TEST
USING PREDICYCD VALUES

A-LEVEL = 1.250 AUTOCNRRELAYION PARAMETER = 2,500

NBSERVED MEAN = 1e14612 OBSERVFD VARJANCE = 0,15547
PREDICTED MEAN = 1,16076 PREDICTEN VARIANCE = 0,27002

GAMMA DIST PARAMETERSS ALPHA = 1:61690 BETA o 2944703

NUMBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED OBSERVED EXPECTED DIFFERENCE
1 2061 0.87109 0.794%8 0,07671
2 271 0.98563 0,97509 0,0105¢
3 32 0.99915 0.,99732 0,00183
4 2 1.00000 0,99973 0,00027
5 0 1.00000 0.99997 0,00003
6 0 1.,00000 1,00000 0,00000
7 0 1.00000 1,00000 0,00000
8 0 1,00000 1,00000 0,00000
9 0 1,00000 1,00000 0,00000

10 0 1,00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1.,00000 1,00000 0.,00000
13 0 1,00000 1,00000 0,00000
14 0 1,00000 1,00000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1,00000 1,00000 0,00000
17 0 1,00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1,00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

YOTAL NUMRER OF OVERSHOOTS = 2366
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KNLMOGORQV-SMIRNOQV GOODNESS OF FIT TEST
USING PREDICTED VALUFS
A=-LEVEL = 1,750 AUTOCORRELATION PARAMETER = 2,500

NBSERVED MEAN = 1,05657 OBSERVEN VARIANCE = 0,05339
PREDICTED MEAN = 1,03711 PREDICTEN VARIANCE = 0,08885

GAMMA DISY PARAMETERS! ALPHA = 3.,24706 BETA = 6,06538

NUMBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED DBSERVED EXPECTFD DIFFERENCE
1 935 0.94444 0.,92290 0,02156
2 54 0.99899 0.99928 «C,00029
3 1 1.,00000 1,00000 0,00000
4 0 1.,00000 1,00000 0,00000
S 0 1.00000 1,00000 0,00000
6 0 1,00000 1,00000 0,00000
7 0 1,00000 1,00000 0,00000
8 0 1.00000 1,00000 0,00000
9 0 1,00000 1,00000 0,00000

10 0 1.00000 1,00000 0,00000
11 0 1.00000 1,00000 0,00000
12 0 1.00000 1,00000 0,00000
13 0 1.00000 1,00000 0,00000
14 0 1.00000 1,00000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1.00000 1,00000 D,00000
17 0 1.00000 1,00000 0,00000
18 0 1,00000 1,00000 0,00000
19 0 1.,00000 1,00000 0,00000
20 0 1.00000 1,00000 0,00000
OVER 20 0 1.00000 1,00000 0,00000

TNTAL NUMBER OF OVERSHOOTS = 990
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KOLMOGOROV=-SMIRNQV GOOONESS OF FIY TEST
USING PREDICTED VALUES
A-LEVEL = 2,500 AUTOCORRELATION PARAMETER = 2,500

UBSERVED MEAN = 1,01827 OBSERVED VARIANCE = 0,01504
PREDICTED MEAN = 0.98298 PREDICTED VARIANCE = 0,00719

GAMMA DISY PARAMETERS! ALPHA = 32,56425 BETA = 67,28482

NUMBER CUMULATIVE CUMULATIVE

DURATIQON OBSERVED OBSERVED EXPECTED DIFFERENCE
1 129 098473 1,00000 -0,01527
2 2 1.00000 1,00000 0,00000
3 0 1.00000 1,00000 0.,00000
4 0 1.00000 1,00000 0,00000
5 0 1,00000 1,00000 £,00000
6 0 1,00000 1.,00000 0,00000
7 0 1.00000 1,00000 0,00000
8 0 1,00000 1,00000 0,00000
9 0 1.,00000 1,00000 0,00000

10 ) 1.00000 1,00000 0,00000
11 0 1.,00000 1,00000 0,00000
12 0 1.00000 1,00000 0,00000
13 0 1.00000 1,00000 0,00000
14 0 1.00000 1,00000 0,00000
15 0 1.,00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1.00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1.00000 1,0000¢ 0,00000
OVER 20 0 1,00000 1,00000 U,000C0

TOTAL NUMBER OF OVERSHOOTS = 131
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KOLMOGORQV-SMIRNOV GOODNESS OF FIY TEST
USING PREDICYED VALUFS
A-LEVEL = 0,000 AUTOCNRRELATION PARAMETER = 5,000

NBSERVED MEAN = 14964846 OBSERVED VARIANCE = 1,76810
PREDICTED MEAN = 1.8819¢4 PREDICTEN VARIANCE = 1,72155

GAMMA DIST PARAMETERS! ALPHA s 1410933 BETA = 0,80273

NUMBER CUMULATIVE CUMULATIVE

DURATION  DBSERVED OBSERVED EXPECTED DIFFERENCE
1 3218 050877 0,50156 0,00722
2 1588 0.75984 0.76606 «0,00622
3 791 0488490 0,89180 ~0,00690
4 384 0.94561 0,95033 ~0,00471
5 180 0497407 0,97730 -0,00323
6 87 0.98783 0,91966 -0,00183
7 37 0499368 0.99530 «0,00162
8 26 0.99779 0,99787 -0,00008
9 10 099937 0,99903 0,00033

10 3 0.99984 0,99956 0,00028
11 0 099984 0,99980 0.00004
12 1 1.00000 0.99991 0,00009
13 0 1.00000 0.99996 0,00004
14 0 1.,00000 0.99998 0,00002
15 0 1,00000 0,9999% 0400001
16 0 1,00000 1,0000¢ 0,00000
17 0 1.,00000 1,00000 0,00000
18 0 1.,00000 1,00000 0,00000
19 0 1,00000 1,00000 0.00000
20 0 1,00000 1.,00000 0,00000
OVER 20 0 1.00000 1,00000 0,00000

TOTAL NUMBER NF OVERSHOOTS = 6328
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KNLMOGOROV-SMIRNOV GONDNESS OF FIT TEST
USING PREDICTED VALUES
A-LEVEL = 0.750 AUTOCORRELATION PARAMETER = 5,000

NBSERVED MEAN = 129446 OBSERVED VARIANCE = 0437322
PREDICTED MEAN = 1433483 PREDICTED VARIANCE = 0042310

GAMMA DIST PARAMETERS! ALPHa = 1466730 BETA » 1,97316

NUMBER CUMULATIVE CUMULATIVE

DURATION DBSERVED 0BSERVED EXPECTED DIFFERENCE
1 3348 077019 0.69057 0407961
2 786 0.95100 0.,93979 0,01121
3 159 0.98758 0.9Rr958 =0,00200
4 4l 0.99701 0,99829 »0,00128
5 12 0.99977 0,99973 0,000064
6 1 1.00000 0:99996 0,00004
7 0 1.00000 0499999 0,00001!
8 0 1,00000 1,00000 0,00000
9 0 1.00000 1,00000 0,00000

10 0 1.00000 1,00000 0,00000
11 0 1.00000 1,00000 0,00000
12 0 1.,00000 1,00000 0,00000
13 0 1.00000 1,00000 0,00000
le 0 1,00000 1,00000 0400000
15 0 1,00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1,00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1,00000 1,00000 £,00000
OVER 20 0 1.00000 1,00000 0,00000

TOTAL NUMBER OF QOVERSHOOTS = 4347
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KNLMOGORDV-SMIRNOV GODONESS OF FIT TEST
USING PRED'CTED VALUES
A-LEVEL = 1.,2%0 AUTOCDRRELAT[ON PARAMETER = 5,000

ORSERVED MEAN = 1.12570 OBSERVED VARJANCE = 0,13992
PREDICTED MEAN = 1,164004 PREDICTED VARIANCE = 0,11490

GAMMA DIST PARAMETERS! ALPHA = 3.56518 BETA » 5,57021

NUMBER CUMULATIVE CUMULATIVE

DURATION DBSERVED OBSERVED EXPECTFD DIFFFRENCE
1 2066 0.,88631 0.86011 0,02621
2 242 0.99013 0,99751 ~0,00738
3 20 0.,99871 0.99998 e0,00126
4 1 0.,99914 1,00C00 v0,00086
5 2 1,00000 1,00000 0,00000
6 0 1,00000 1,00000 0,00000
7 0 1,00000 1,00000 0,00000
8 0 1.00000 1,00000 0,00000
9 0 1,00000 1.,00000 0,00000

10 0 1.,00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 100000 1,00000 0,00000
13 0 1.00000 1,00000 0,00000
14 0 1.,00000 1,00000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1,00000 1,00000 0,00000
18 0 1.00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1.,00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 2331

73



KNLMOGOROV~-SMIRNOV GOOONESS OF FIY TEST
USING PREDICTED VALUES
A-LEVEL = 1,750 AUTOCNRRELATION PARAMETER = 5,000

NBSERVED MEAN = 103747 OBSERVEN VARJANCE = 0,03821
PREDICTED MEAN = 1,03076 PREDICYEN VARIANCE = 0,01720

GAMMA DIST PARAMETERS:! ALPHA s 16,37617 BETA = 30,85400

NUMBER CUMULAT]VE CUMULATIVE

DURATION  OBSERVED DBSERVED EXPECTED DIFFERENCE
1 900 0.96360 0.99837 ~0,03478
2 33 0.99893 1,00000 «0,00107
3 1 1,00000 1,00000 6,00000
4 0 1.,00000 1,0n0000 0,00000
5 ) 1,00000 1,00000 0,00000
6 0 1,00000 1,00000 0,00000
7 0 1,00000 1,00000 0,00000
3 0 1.00000 1,00000 0,00000
9 0 1,00000 1,0n0000 6,00000

10 0 1,00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1,00000 1,00000 0,00000
13 0 1,00000 1,00000 0,00000
14 0 1.00000 1,00000 0,00000
15 0 1,00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1,00000 1.,00000 0,00000
18 0 1,00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1.,00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER OF OVERSHOOTS = 936
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KNLMOGOROV-SMIRNQOV GOODNESS OF FIT TEgST
USING PREDICTED VALUES
A-LEVEL = 2,500 AUTOCNRRELATION PARAMETER = 5,000

OBSERVED MEAN = 1,00704 OBSERVEN VARIANCE = 0,0069%
PREDICTED MEAN = 0.98610 PREDICTEN VARJANCE » 0,00019

GAMMA DIST PARAMETERST ALPHA =1238,77140 BETA =2848,39640

NUMBER CUMULATIVE CUMULATIVE

DURATION  OBSERVED 0BSERVED EXPECTED DIFFERENCE
1 14l 0:99296 1.00000 ~0,00704
2 1 1.00000 1,00000 0,00000
3 0 1,00000 1,00000 0,00000
4 0 1,00000 1,90000 0,00000
5 0 1.00000 1,00000 0,00000
6 0 1.00000 1,00000 0,00000
7 0 1,00000 1,00000 0,00000
8 0 1.00000 1,00000 0,00000
9 0 1,00000 1,00000 0,00000

10 0 1,00000 1,00000 0,00000
11 0 1,00000 1,00000 0,00000
12 0 1,00000 1,00000 0,00000
13 0 1.00000 1,00000 0,00000
14 0 1.00000 1,00000 0,00000
15 0 1.00000 1,00000 0,00000
16 0 1.00000 1,00000 0,00000
17 0 1.,00000 1,00000 0,00000
18 0 1,00000 1,00000 0,00000
19 0 1.00000 1,00000 0,00000
20 0 1.00000 1,00000 0,00000
OVER 20 0 1,00000 1,00000 0,00000

TOTAL NUMBER NF DVERSKOOTS » 142
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APPENDIX C

PREDICTION PROGRAM
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IF(NFX,0E.=80,D0)

GN Y0 99
GANX = 1,00

N TN

99

RETUR™

EHD

O

GAMX ¢ 1,00 = DEXP(DFX)
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Dt r Pep CTSTYN FUNCTINN YNRMX(DT)
(1RO T REAL*g (D)

AL C1IR9622RNGN] 4D

DY = DAPSINZ)

[F(ny,r7,3,00) A0 TN 10

Ay Ca D

neE o= 1.0

A =2 X

DK =z .00

DAL 2wl T

DAY & 0ATL 4+ 1,00

YA = =(2,0N%NAN - 1,70) *PX#=DX
NPT 2z 4,HORNAN < 1,N0
DAL = CPTRNAH + DAT*0AL
NRL = PNI*ORH + DAT*DRL
AT = DX = DA

JNp o= 2,00 4+ DpI

APz DR ]ENDAL o+ DATDARH
Gt = DRTENRL 4 DATXORH
NFA = DAL/DRL

ODFR = DAW/DAH
[F(nFR,Fy,ueD0) GN TU 20
1F (PARS((NDFR=NEA)/OFA) ,LEsL1sD=14) GO T0 2n
Y ¥ &

DAL = 0.t 0

WL = 100

::A“ = “.’)ﬁ

NP = X

DRy s DY

NAYy = 1,00

DFA = 1.N00, X

DAL, = valt + 1,00

DAL = A0 - 1.00

DAC = DRIXDAN + DAT*DAL
nne = DRI¥NDRH + DAT¥DRL
DFR = LAC/NDRC

DAL = DAY

PRL = DRH

DAH = DAC

Nay = DAL

IV (NFN,EG.0.L0) GN TO 20
1F(NARS((PFR=DFA)/DFB) ,LE.1,0=14) 50 TO 20
NDFA = DF#

6N T 1S

YNRI'X = DPI#DFR*DEXP(~-DX*¥DX/2,00)
IF(NX,LF,3,N0) YURMX = 0,500 « YORMX
[F(N2,.G6T,0,D0) YORMX = |,D0 = YORMX

RETHRM

END
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DIURLE PRFCISION FUNCTION DLGGM(DX)
IMPLICIT REAL*g(D)
nDYsny
NTERM=]1,D0
[F(NX)1s2102
1 MGLM=0,D0
RE TURM
IF(DPY=-18,00) 3,354
DYERMaDTERMEDY
NYsnY+]l,DC
GN YD 2
4 DLGAME (DY=,500)% DLOG(DY)=DY#1,00/(12,00#DY)~1,00/(360,D0¢DY*43)
1 s1:00/ (1260.00%DYX85) =1,00/ (1680400%0VesT) +.91893833320467300
RETURMN
EMD

wN
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